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Inhibition of Lipid Synthesis by Alpha-Phenyl-N-Butyrate a i d  Related 
Compounds. (21992) 

DANIEL STEIXBEKG ASD L)OX;AC.LD S. FREDRICKSO?;. (Introduced by James H. Baxter.) 
From the  Lahorntar? of Cvlldar Physiology clad MrtaboZism, Nationid Heart I n s t i t  N t P ,  National 

Institzrtes of Hviil th,  Hethrsda, M d .  

Cottet ef a/. have reported that feeding 
alpha - phenylbutyrate ( phenylethylacetate) 
can lower serum cholesterol levels in the 
normal rat (1.2) and in patients with various 
forms of hypercholesterolemia( 3) .  Since the 
drug did not prevent hypercholesteroleniia in 
cholesterol-fed rats( 1 1. it presumably does not 
act by inhibiting intestinal absorption: but the 
mechanism of action remains to be estab- 
lished. The present studies show that in xifro 
the drug strikingly inhibits synthesis of both 
cholesterol and fatty acids from sodium ace- 
ta te- 1 -CZ4. 

Methods. Male Sprague-Damley rats main- 
tained on Purina rat chon7 to the time of sacri- 
fice were decapitated and livers rapidly re- 
moved and chilled. 350-450 mg liver slices 
made with the Stadie-Riggs microtome were 
incubated with sodium acetate-l-P4 at  37'C 
in Krebs-Ringer phosphate buffer, p H  7.4, 
from which Ca++ and Mg++ were omitted. 

C * ' ' 0 2  was collected in a KOH center well and 
converted to BaCl-'O:: for assay of radioactiv- 
ity. .At the end of incubation the slices were 
drained of buffer and homogenized for 3 min- 
utes in 50 ml 1 :  1 acetone-ethanol in a Waring 
blendor.'" After centrifugation the super- 
natant was taken to dryness on a steam bath 
under nitrogen, and the dried residue saponi- 
fied by autoclaving 4 hours at 15 pounds with 
5 nil 3 S KOH. Then 5 ml absolute ethanol 
were added and the non-saponifiable lipid ex- 
tracted with three 30-ml aliquots of n-heptane. 
This was back-washed with 1 N KOH and 
water. .Aliquots of the concentrated heptane 
extract were dried on steel planchets and 
c o w  ted directly to determine non-saponifiable 
lipid rudioactivit?l. In  several experiments 

- - - _____- 

* W e  are indebted to Dr. Joseph H. Bragdon for 
this simple procedure which he has found to give 
essentially complete extraction of liver lipids. 
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cholesterol radioactivity was measured by pre- 
paring and counting the digitonide. Results 
were essentially the same when obtained by 
direct counting of heptane extracts. On the 
basis of this correlation, the incorporation into 
non-saponifiable lipid fraction may be taken 
as a measure of cholesterol synthesis. The 
KOH phase, after extraction of cholesterol 
was acidified and the alcohol and volatile fatty 
acids remvved by heating on a steam bath. 
Non-volatile fatty acids were extracted with 
three 30-ml aliquots of n-heptane and back- 
washed with 10% acetic acid and water. This 
treatment, as shown by zero time control 
studies, effectively removed all traces of the 
original labeled acetate. After concentration, 
aliquots of this extract were plated and 
counted directly (non-volatile f a t t y  acid radio- 
activity). Acetoacetate was decarboxylated at  
end of incubation by addition of aniline citrate 
to the acidified medium(4). The P O 2  lib- 
erated, representing carboxyl-carbon, was col- 
lected in a KOH center well and assayed as 
for metabolic C1402. Inhibitorst were made 
to the appropriate final concentrations in buf- 
fered medium as sodium salts. All radioassays 
were carried out using the windowless flow 
proportional counter of Robinson( 5). Self- 
absorption corrections on BaC03 and choles- 
terol digitonide samples were made to the 3.1 
mg/cm2 point. 

Results. In  vitro studies with alpha-phenyl- 
n-butyrate. At 1 x 10-:3 34 alpha-phenyl- 
butyrate strongly inhibited incorporation of 
sodium acetate-l-CJ1 into cholesterol (nor?- 
saponifiable lipid). In  the typical experiment 
summarized in Table I the rate of incorpora- 
tion in presence of the drug was only about 
one-half that of control. Extent of inhibition 
did not appear to be a function of the time of 
incubation. However, it did vary from rat to 
rat. In  6 experiments with incubation times 
ranging from >< to 2 hours, inhibition varied 

t Alpha-phenyl-n-butyric acid was purchased from 
Distillation Products Industries; a,a'-diphenylbu- 
tyrate and &p'-diphenyl-a-ethylpropionate were 
synthesized in Dr. Evan C. Horninp's laboratory; 
a,a'-diphenylvalerate and l-dirnethylamino-2,Z -di- 
phenylpentane HC1 were made by Smith. Kline and 
French Laboratories (SKF 2311 and SKF 3019 A ) .  

TXRTLE 1. Effect of Alplia-Vhcnylbutyrate on dce- 
tate-1-W Incorporation into Lipids." 

Total radioactivity in  lipid 
fractions (lo4 e.p.m./g 

conc. of liver slices) 
alpha- &-on- 

phenyl- sttponifiable Non-volatile 
Flask hntyrate lipid fat ty  acids 

1 0 1.06 .093 
d 0 1.00 .088 
3 1 x 1 0 - 3 ~  .48 .030 
-1. .61 .04@ 

* 30 niin. incubatioii. 400-420 mg liver slices in 
1 pc sodium :rcetate-l-C" added 
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3.3 1111 medium. 
(1 111c./nilM). 

from 32% to 62%, mean 42%. The reason 
for this variation, as well as for variation in 
rate of incorporation in normal control rats 
noted by many I,aboratories, is not entirely 
understood (6-8). 

Incorporation into non-volatile fatty acids 
was also inhibited to about the same extent. 
In  5 experiments it ranged from 23% to 62% 
with a mean of 41%. 

The observed inhibition of both cholesterol 
and fatty acid synthesis from acetate sug- 
gested that the site of action of the drug might 
be at  an early step common to both biosyn- 
thetic pathways. Incorporation of labeled 
acetate into acetoacetate was measured and. 
a.; shown in Table 11, was also inhibited by 
about 50%. 

At 1 x 1V M the drug did not significantly 
affect the endogenous oxygen consumption of 
liver slices (Table 11), suggesting that the 
effects on lipid synthesis are not due to a basic 
disruption of the over-all tissue metabolism. 
This is further indicated for, in a number of 
experiments the oxidation of labeled acetate to 
Cl4O2 was decreased only by 5-15% (see 
Table 11). Apparently the reactions of tricar- 

T,%RT,E 11. Effects of Alpha-phenylbutyrate on 
Osygcii Uptake, Acetate-l-C14 Oxidation and 111- 

corporation into Acetoacetate." 

Total radioaetivit,y 
(lo* c.p.m./g liver 

slices) oxygen 
Plic~nplbutyrate 7 I uptake 
concentration Acetoacetate COB (pl/g wet wt} 

0 .80 2.34 927 
1 x 1 0 - 3 ~  .41 2.06 896 

-~~ ~~ 

* 120 min. incubation. 430-480 m g  liver slices in 
3.0 nil medium. 0.1 pc sodium acetate-l-C" added 
(1 mc/niM). 
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boxylic acid cycle and reactions of terminal 
oxidation can proceed with little or no impair- 
ment in the presence of these concentrations. 

Inhibition of C1-'02 production, while on the 
average considerably less than inhibition of 
lipid synthesis (mean of 7 experiments 15% ) , 
was nevertheless highly significant. I n  2 ex- 
periments this inhibition rose to about 40%. 
This finding, as discussed further below, sug- 
gests that ,there is inhibition either in activa- 
tion of acetate(9) or in condensation reaction 
through which acetyl-coenzyme A (acetyl 
C0.A) enters the tricarboxylic acid cycle ( 10). 
\\'hen the concentration of alpha-phenylbuty- 
rate was raised to 1 x lo-? 31. incorporation of 
labeled acetate into cholesterol and fatty acids 
was almost conipletely inhibited and incor- 
poration into acetoacetate was inhibited by 
more than 70%. However, at this concentra- 
tion there was also inhibition of oxygen con- 
sumption, as much as 25c/c in some experi- 
ments, and inhibition of the rate of incorpora- 
tion of alanine- 1 -CIA into liver proteins ( 1 1 ) . 
:lit this higher concentration. then, the drug 
interfered with tissue respiration and presum- 
ably also with energy metabolism. 

It? ZGVO studies with ulphu-phen_vl-n-buty- 
m f r .  I t  has been proposed(3) that alpha- 
phenyl-butyrate might interfere with choles- 
terol synthesis by forming an extremely stable 
('0-4 complex. thus reducing the effective levels 
of the coenzyme. The concentrations of CoA 
in livers of rats fed alpha-phenylbutyrate, 
200 mg,/kg,day for 4 weeks. were measured 
( 1 2 ) .  The values found for control animals 
were: 163, 228. 179 units p: for the drug-fed 

animals, 203. 207, 226 units/g.S While the 
results in such a small group cannot be consid- 
ered conclusive they suggest that any dramatic 
effects on levels of available CoA are not to 
be expected. Since the experiments of Klein 
and Lipmann( 13) show that liver CoA must 
fall to 50 or 60 units/g before lipid synthesis 
is inhibited it is unlikely that availability of 
CoA is .a limiting factor in lipid synthesis of 
phen yl bu t yra te-f ed rats. Total liver choles- 
terol in these drug-fed animals also remained 
at  normal levels. 
In vitvo studies with related compounds. 

Several compounds structurally related to 
alpha-phenylbutyrate have been studied in 
vitro in a similar manner. As shown in Table 
111, 2 of these (ad-diphenylbutyrate and 
p.p'-diphenyl-a-ethyl-propionate) have simi- 
lar effects. At 1 x M they inhibit choles- 
terol synthesis by somewhat over 50% with- 
out markedly inhibiting acetate oxidation. 
The third compound (SKF 2314 = a,$- 
diphenylvalerate) is a considerably more po- 
tent inhibitor of cholesterol synthesis, effective 
even at concentrations of 1 x M. These 
compounds, aromatic acids with structures 
close to that of alpha-phenylbutyrate, have 
been previously shown by Brodie et aZ.( 14) 
and by Cook et al. ( 1.5) to inhibit a number of 
reactions in biotransfsrmation of drugs. The 
spectrum of reactions inhibited is quite broad 
(e.g. hydroxylation barbiturate side-chain 
oxidation, dealkylation) but they share in 
common a requirement for oxygen and triphos- 

t We wish to thank Dr. Earl R. Stadtman for ,his 
assistance in tthe CoA analyses. 
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phopyridine nucleotide and localization in 
microsomes ( 13 ) . 

Studies by La Du et aZ.( 16) have shown 
further that the carboxyl group is not an ab- 
solute structural requirement for inhibition in 
microsomal systems. l-dimethylamino- 2,2- 
diphenylpentane hydrochloride ( SKF 30.19 A) 
proved extremely potent in inhibiting the de- 
alkylation reaction. I t  was of interest, then, 
to test this compound in our system. At 1 x 
10-3 M it inhibited acetate incorporation into 
cholesterol by 53% and acetate oxidation to 

These data suggest that the 
effect of alpha-phenylbutyrate on acetate in- 
corporation into lipids represents inhibition at  
one of the earliest levels of acetate metabolism, 
probably before formation of aceto-acetate. 
The site of inhibition could be either: 1) in 
the formation of acetyl-CoA; or 2 )  in subse- 
quent acetylation reactions involving acety1- 
coA4; or 3) both. 

The fact that incorporation into lipids was 
generally inhibited more strongly than oxida- 
tion to C 0 2  does not rule out inhibition at the 
activation step. Since the reaction pathway 
to C 0 2  is favored (Table 111) , the percentage 
inhibition in this direction, when the supply 
of acetyl-CoA is decreased, might well be less 
than the percentage inhibition in less favored 
pathway toward cholesterol and fatty acid 
synthesis. 

Cnder 2 )  above are included key reackions 
of acetylation of oxalacetate to form citrate 
and acetylation of acetyl-CoA to form aceto- 
acetyl-CoA. A differential inhibition of these 
2 acetylation reactions would account for the 
observation that COz formation was inhibited 
jess than incorporation into lipids. Inhibition 
of acetoacetate formation by ethylthioacetate 
and benzoate has been demonstrated by Avi- 
gan. Quastel, and Scholefield ( 17) .  They 
showed that these compounds probably exert 
their inhibitory effects as CoA derivatives. 
In a similar manner alpha-phenylbutyrate may 
inhibit only after formation of an acyl-CoA 
complex. 

Whether in vitro inhibition of cholesterol 
synthesis from acetate described here repre- 
sents the mechanism for in aim effects on 

C0.r by 17%. 
Discussion. 

serum cholesterol levels reported by Cottet 
et aZ.(l-3) is not indicated by these studies 
and is the subject of further investigation. 

The activity in our system of the drug po- 
tentiators studied by Brodie et al. is provoca- 
tive. While the compounds may be acting in 
different ways in the 2 systems, further studies 
are called for to determine whether the mani- 
fold effects on drug metabolism may be rnedi- 
ated through effects related to the effects of 
alpha-phenylbutyrate on acetate metabolism. 

Summary. 1 ) Alpha-phenyl-n-butyrate at  
1 x lo4 M has been shown to decrease rate of 
incorporation of acetate-l-C14 into cholesterol 
and into faitty acids by rat liver slices. 2 )  
Incorporation of acetate into aceto-acetate is 
inhibited about the same extent, while oxida- 
tion to COz is generally less strongly inhibiited. 
3) Endogenous oxygen consumption can pro- 
ceed relatively unimpaired in the presence of 
1 x 1W M alpha-phenylbutyrate. 4) Several 
compounds structurally related to alpha-phe- 
nylbutyrate are also demonstrated to inhibit 
acetate incorporation into lipids. 5) The pus- 
sible relation between present observations on 
inhibition of lipid synthesis and studies of 
Brodie et aZ.( 14) on drug potentiators is dis- 
cussed. 
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A -Method for Quantitating Flexibility Changes of Pelvic Joints in Rats 
and Mice.* (21993) 

E. S. CRELIN. (Introduced by 11.. U. Gardner.) 
Front thp Depart nient of dnutonzy, Yale L'ni i~ei .s i t> School o,i Medicine, Xew Haven, Conn. 

-An increase in flexibility of the pelvic joints 
in  mice occurs during pregnancy and follow- 
ing appropriate hormonal treatment ( 1-3 ) .  
This increase was determined by manual man- 
ipulation of the pelvis. more reliable meth- 
od. suitable for both the mouse and rat. was 
devised to measure small differences which 
can be statistically analyzed. 

JIuteriaZs and methods. To quantitate 
changes in flexibility of the sacroiliac joints 
the animal is sacrificed. skinned, its body di- 
vided at the level of the iliac crests. and the 
tail severed at  the 3rd caudal vertebra. The 
muscles. which arise in part from the dorsal 
aspect of the sacrum and 1st caudal vertebra 
to insert on the extremities, are severed at 
their origins and reflected laterally. The es- 
tremities and pelvic viscera are then removed. 
-411 of the musculature attached to the in- 
nominate bones is severed close to the bone. 
except the iliac origins of the sacrospinalis, 
the iliococcygei (abductor caudae internus) 
and the pubococcygei (abductor caudae ex- 
ternus: Fig. 1 .  PC) which are left intact. 
(Careless removal of the iliac origin of the 
sacrospinalis might damage the dorsal liga- 
ments of the sacroiliac joint (Fig. 1. SI) : the 
latter 2 muscles hold the ischial tuberosities in 
a convenient position for making subsequent 
measurements. Preliminary tests showed that 

'"Wed by grants from the U. S .  Public Health 
Service (RG-3433) and the James Hudson Brown 
Memorial Fund of the Yale University School of 
Medicine, 
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the weight used to flex the sacroiliac joint 
produced maximum flexion whether or not 
these muscles were present.) A straight dis- 
secting needle is inserted into the neural canal 
as far as it can go under moderate pressure 
(Fig. 1. C) .  The free end of the needle is 
slipped into an adjustable clamp which holds 
the specimen in a horizontal position 2 inches 
from a transparent plastic protractor (Fig. 1, 
B. J. 11). The specimen's position is adjusted 
so that the zero line of the protractor is 
aligned with the dorsal-most portion of the 
left iliac crest and ischial tuberosity (Fig. 1, 
F') . To assure constant: correct alignment 
the positioning of the specimen is performed 
while viewing it through a hole (4 mm in 
diameter) in the center of an opaque rec- 
tangle ( 3  s 5 inches) placed 5 inches from the 
protractor (Fig. 1, A, L).  A 50 g weight suf- 
ficient to produce a 3"-5" displacement of the 
ischial tuberosity in normal rats or a 2 g 
weight sufficient to produce a 1' displacement 
in normal inice is suspended from the symph- 
ysis pubis (Fig. 1, K ) .  A raising of the pro- 
tractor to realign the zero line with the dorsal- 
most portion of the iliac crest is necessary at 
this time because the crest is slightly elevated 
as the ischial tuberosity is lowered by the 
weight. M'hile viewed through the hole in the 
rectangle a movable transparent plastic arm 
attached to the protractor is lowered by the 
observer's finger so that a black line running 
through the length of the arm aligns with 
the dorsal-most portion of the now displaced 
ischial tuberosity (Fig. 1, I, G'). Displace- 


